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ABSTRACT

From a series of simultaneous 8.4 and 2.3 G117 VL.BI observations of the quasar
4(C39.25 phase-rcfcrenced to the radio source 0920-1-390, carried out in 1990-1992, wc

have measured the proper motion of component b in 4C39.25:

fla = 90 =35 pas/yr
ps = 6 & 63 pas/yr

where the uncertainties represent standard errors. This proper motion is consistent
with earlier interpretations of VI.BIhybrid mapping results, which showed an in-
ternal motion of this component with respect to other structural components. Our

diffcrential astromctry analyses show component b to be the onc in motion. Qur

results thus further constrain modelsof this quasar.

1. INTRODUCTION

The radio source 4C39.25(09234-392) is an 18th magnitude quasar with a redshift
of 0.699 (llewitt & Burbidge 1980). It is onec of the brightest compact sources on the
sky at centimeter wavelengths. The structure of 4C39.25 at the milliarcsecond (mas)
angular scale consists of four components, labelled a,b, ¢,andd, from cast to west
(sce I'ig. 1). Since the early V0I.BI observations of Shafler ¢l al. (] 977), components
a and c have remained stationary with respect to cach other, while component b

(first identified by Marcaide et al. 1985) has been moving superluminally from near ¢




towards a (Shafler et al. 1987; Marscher et al. 1987; Schalinskict al. 1988; Marcaide
et al. 1989; Marscheretal. 1991; Al berdief al. 1993a). Thesc maps show that none of
these threc components had theinverted or flat spectrum associated with the core of
a supcerluininal source. However, component d, detected via sensitive 22 Gllz VLBI
observations (Marcaide ef al. 1990; Alberdiet al. 1993a), remains stationary with
respect to a and ¢ and possesses an inverted spect ral index (Al berdietal.1993a,b)

indicating that it, could be the core of 4C39.25.

Based on these observational facts, Marcaide et al. (1 989), Marscher et al. (1991),
and Alberdietal. (19934) suggested a model for this source which has a relativistic
bent jet; the knots a and ¢ arc associated with bends of the jet and b with a shock
wave travelling along the jet from ¢ towards a. In this model d is considered as the
corcof the radio source. Since this mode] is based on the assumption that both a
and ¢ arc stationary, a much stronger constraint than existing observational evidence
for rclative stationarity would be evidence for (or against) stationarity with respect

to an external reference (Marcaideetal. 1990).

In this paper wc report the result of a series of VLBI observations of 4C39.25
phasc-referenced to the nearby radio source 09204390 (scparated by only 0275 on the
sky). Wc assumec this source to be stationary; its redshift is unknown. While conven-
tional VI.BI mapping provides information only about the relative position between

different features of a given radio source, phase-l cference observations can provide
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precise positional information withrespect to an external reference. In our analysis,
weused the fringe-phase observable and differential astrometry techniques (Guirado
et al. 1995 and references therein) to measure the motion of the component b with
respect to the radio source 0920+390. Preliminary results of these observations were

published earlier by Marcaide & Guirado (1 993).

This work is a part of a broader study (sce overview by Marcaide et al. 1994) of
this ‘(peculiar’) superluminal radio source. The study includes numerical simulations
of the relativistic jet (Alberdicet al. 1993a; Gémez et al. 1994), 43 Gllz VLBI obser-

vations (Alberdiet al.1993b), and VLBI polarization observations (Marscher et al.

1991).

We observed each of our two sources inright circular polarization, in two {re-
quency bands (~8.4GHz and ~2.3 GHz) simultancously. ‘Jable 1 shows the epochs
of observations, the recording mode, and thetelescope arrays used in these observa-
tions. Wc interlcaved observations of the two sour ces using a 7 min observing cycle
which consisted of 2 min on 4C39.25, 3 minon 09204 390, and 1 minslew time for
cach sou rce change. The data were correlated at the corrclator of the Max Planck
Institut fiir Radioastronomie in Bonn. We fringe fitted the data and obtained, for

cachsource scan, the group delay, the phase-delay rate,andthe fringe phase (modulo




27r) at the refer-cmec frequencies 8405 and 2275 M1z for cach of the epochs 1990.32
and 1992.18, and 8291 and 2231 MHz forthe ¢proch 1991.22. We were forced to use a
different frequency configuration at thesccond epoch, compatible with geodetic stan-
dards, to avoid wiring changes at some sites. Despite the dlight difference in reference
frequencies, we will usc hereafter the terms 8.4 GHzand 2.3 Gliz to identify both
1 naps and obsecrvables referred to t hesc frequency bands. I'he ww coverage is very sim-
ilar in all three experiments (see Fig. 2); the resolution of our array is higher in right
ascension than in declination, as can bc seen in the corresponding synthesized beams
(sec ‘L'able 1). High resolution in right ascension favors the detection of proper motion

in 4C39.25, since component b is moving eastwards relative to the others components.

3. MAPS OFTHE RADIO SOURCES

Wc used the program DIFMAP (Shepherd etal. 1995), a part of the Caltech
VL9LBIPackage (Pearson 1991), to obtain maps of 4C39.25 and 0920+390 at the three
cpochs in each frequency band. Figs. 3 and 4 show the maps for both sources at
8.4 and 2.3 Gz, respectively. At 8.4 GHz,the structure of 4C39.25 is dominated by
the brightest component, b (Alberdief al. 1993a), although this component is partly
blended with component a at this frequency. The components ¢ and d arc hardly
dctectable because of the limited dynamic range of our mapsand the spectra of the
components. At the 2.3 GHz frequency band, 4C39.25 appcars point-like and none

of the components canbe distinguished. Note that, during the two year span of our
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observations, the flux density of 4C39.25at 8.4 Gllzincrcased while its flux density

at 2.3 Gl decrecased.

The characteristics of the flat-spectrum radio source 092(] -{390 were first cata-
logued by Iicarra et al. (1 985). Its structure is pointlike at both VLA (Vigottiet al.
1989; Patnaiket al. 1992) and VI.BI scales (this paper). The unresolved structure
of 09204390, its proximity to4C39.25 on the sky, and its flux density, which always
exceeded 0.2 Jy at 8.4 GHz, combine to make 09204390 a good reference source.
However, the absence of an optical identification for 09204 390 is a concern in the
interpretation of our results. A search for an optical identification was first carried
out by Vigottief al. (1 989) by scanning the Palomar Observatory Sky Survey (POSS)
prints. The negative result of this search implics that the object is fainter than mag-
nitude 20 in red and 21 in blue (POSS magnitude cutofls). We cannot rule out that
0920+4-390 corresponds to an object in our vicinity, although the combination of its

radio and optical properties makes that possibility seem very unlikely.

4. ASTROMETRIC ANALYSIS

Our astrometric anaysis of the data from cach observing cpoch issimilar to that
of previous astrometric studies that used phasc delay, the most precise V9ILBlobserv-
able (Shapiro et al. 1979; Bartel et al. 1986; Guirado el «l.1995). To correct the

phasc delays for their inherent 27 ambiguity, we first constructed models of the prop-
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agation medium and of the geometry of the array to produce theoretical estimates of
our obscrvables. The values of the paramneters of thesc modcels and their origins arc
listed in ‘1'able 2. Using these modelsalong with estimates of the relative drifts of the
station clocks, obtained from a weighted-least-squares analysis of the grou]}-delay and
phase-dc]ay rate data with anextensively improved version of the VI.BI3 program
(Robertson 1975), wc generated theoretical phase-delay rates that fit each of the ob-
served phase-dclay rates to within 0.1 ps/s (0.5 ps/s)at 8.4 GHz (2.3 GHz), which,
considering the duty cycle (7 rein), sufliced for predicting the phasc behavior between
consccul ive observations of each source at each frequency band at each epoch. We
also corrected for possible remaining “overall ambiguities” (integer number of phase
cycles by which the phase delays for one source might beoflsct from those of the
other at each bascline and frequency band during the observations at each epoch)
by estimating thcm via the weighted-least-squares analysis. Wc then fixed each over-
al ambiguily to the nearest integer to the weighted-least-squares estimate (for each
cpoch, baseline, and frequency band, our estimate of the overallambiguity was closer

to aninteger number than one sixth of the ambiguity interval).

4.1 Radio Source Structure Correction

Wc have used the maps in Figs. 3 and 4 to subtract the structure contribution
fromthe total phasc delay in each case. 'l'o calculate this structure phase, wc tried

to select as a reference point the feature on the brightness distributions from the




successive epochs of data that we could identify most reliably and accurately. Wc

detail below the way thisreference point was sclected.

4.1.1 Reference-point selection at 8.4 GHz

To determine proper motion, or to place a stringent bound o11it, we should select
as the reference point in 4C39.25 the same physical feature of the radio source at all
the observing epochs. Were the maximuin of the brightness distribution in compo-
nent b, it would be a useful reference point, since we would be able to monitor or
to bound directly its motion. However, at 8.4 Gllz wc cannot. reliably discriminate
between components b and a; therefore, we selected as the reference point the maxi-
muin of the brightness distribution constructed by convolving the delta components
of the CLIEAN model with a beam twofold smaller than the synthesized beam. ‘1’bus,
the reference point location is approximately the brightness centroid of components
a and b (sce Fig. 5). For 09204-390, at cach cpoch, wc selected the maximum of
the brightness distribution, constructed by convolving the delta components of the
CLEAN model with the synthesized beam; this position corresponds to the unre-
solved component which is presumably the core of this radio source. The sensitivity

of our resultto these choices of reference points is discussed inScction 4.5.




4.1.2 Reference-point selection at 2.3 GHz

We combined the 84 GHz and 2.3 Gllz data, as if the source positions were
identical at the two frequencies, in order to estimate and largely remove the plasma
contribution to the phase delay. Therefore, for each observing cpoch, the phase de-
lays at both frequencies should bereferred to the same point on the radio source
structure; thus, we tried to determine which point in the 2.3 Gllz radio structure

corresponds to the reference point selected at 8.4 GHz.

Since component b of 4C39.25 is self-absorbed at 2.3 Gl1z(Marscher et al. 1991;

IYig. 6), we may expect a shift of the peak of biightness at 2.3 Gllz with respect
to that at 8.4 Gllz (Marcaidc & Shapiro 1984). 'Thercfore,instcad of referring the
phase delays to this component, wc used the optically thincomponentc of the jet
of 4(]39.25 to “rcgister” the 8.4 and 2.3 Gllzmaps. This method of registration of
maps at different frequencics by registration of anoptically thin feature has been
used previously for other sources to measure proper motions (Bartel el al. 1986) and
to obtain spectral information (Chariot 1993). Theregistration for 4C39.25 is shown
inlig. 7; in particular, the maps used for this regjistration were obtained from a ten
station 8.4/2.3 GHz V9L.Blexperiment carried out at cpoch1990.55 (scc Rioja 1993
for details) and of higher quality than those presentedinldigs. 3 and 4. Both maps
of I'ig. 7 arc centered on their respective peak of brightness; component ¢ appears

shout, 2 and 25 mas west for the 8.4 and 2.3 Gllzmaps, respectively. Therefore,




wc registered the maps by shifting the 2.3 Gllzimap 0.5 mas eastwards relative to
the 8.4 Gllz map. Since component c¢cannot be distinguished inthe 8.4 GHz maps
atl the other epochs, wc could not usc the same process at these epochs to obtain
reliable registrations. Howecver, the morphological similarity of all the 2.3 GHz maps
indicates that any change in this registration between 1990.55 and the earlier and
later epochs of our observations is unlikely to be large compared to 0.5 mas. Given
the relative insensitivity of our plasma corrections to the registration of the maps
for the two frequency bands, our usc of the 0.5 inas eastward displacement for all
the 2.3 Gllzmaps is a safe choice. Thesensitivity of our astrometric results to this

registration is discussed in Section 4.5.

Any shift between the peaks of brightness at 8.4 and 2.3 Gllz for the radio source
0920-t 390 is not detectable in our maps because the source is pointlike at the resolu-
tions achicved. On the other hand, the change from epoch to cpoch of the shift, if any,
in this source is expected to be much smaller than that in4C39.25 since 09204390
has not shown any detectable change with time either in structure or in flux density.
The constancy of this source supports that its structure dots not contribute to any

apparcnt relative motion of the two sources.

Wc estimated the structure phases with respect to the sclected reference points
from the hybrid maps by using the Caltech program PHASE (Readhead & Wilkinson

1978). At cach epoch and frequency band, the corresponding structure-]lhasc delays
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were subtracted from the total phase delays. These adjustments were each less than

d ps.

4.2 Propagation Medium Correction

For the phase delay, wc estimated the plasma contribution through its v~? depen-
dence. For each epoch, wc combined the simultancously measured phase delays at

8.4 and 2.3 Gz as follows:

R(re - 757) - (1= 757)
o = s 1
Tire R 1 ( )

where 74, is the plasrna-free, or “dual-frequency” delay, 7. and7, arc the observed
delays at 8.4 and 2.3 Gllz,respectively; 75 and 75 arc the corresponding structure
delays; and R is the square of the ratio between the center frcquencics of the two
bands (8.4/2.3)° ~ 13. Although no apparent incorrect connections of the phase
delay are visible in our data, any such rnisconncction at either of thefrequency bands
would affect the estimate of the dual-frequency phasc delay according to the above

expression; for example, onc 2n-equivalent connection error at 8.4 GHz (2.3 GHz) is

equivalent to a 128.6 (35.6) ps error in the dual-frequency dclay.

Alternatively, an independent estimnate of the plasma contribution can be obtained
fromthe group delays by using ligq. 1. However the accuracy of this estimate is limited

by thestandard deviation of our group delays, ~ 1 ns, and hence, the corresponding
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differential position is too coarse, ~ 10 mas standard error in each coordinate, to be

of usc in achieving our goal to measure the proper motion of b in4C39.25.

We used meteorological data obtained at each site and the model of Saastamoinen
(1 973) to calculate a priori average values for the tropospheric delay at local zenith
due tothe “dry” and “wet” components of the troposphere. We used the CfA2.2
mapping function (Davis et al. 1985) to dectermine the tropospheric delay at non-
zenith elevations. Since our lowest antenna clevation was 15° and since the two
sources observed are so close on the sky, usc of other simpler mapping functions, such
as Chao’s (1 974), produced no significant diflcrences in our astrometric results (less

than 10 pas in the estimates of the rclative position of the sources).

4.3 Differenced Observable

We formed diflerenced phase-delays by subtracting the phase delay of each obser-
vation of 0920+390 from the previous observation of 4(39.25, typicaly 4 min earlier;
this scheme avoids the effects of the 10 min gaps in the data duc to the Mkllltape
changes. An alternative pairing scheme, forming differenced observables by subtract-
ing the phase delay of cach obscrvation of 4C39.25 from the previous one of 0920+-390,
gave similar results when we discarded those observation pairs whose time difference
is larger than 10 min duc to tape-c}langc gaps. (liven the small angular separation

between these wo sources (0°75), imprecisely modelled effects, such as for the tropo-
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sphere, are to a greal extent cancelled in the difler enced observables.

4.4 Weighted-least-squares Analysis

Our weighted-least-squares result for the position of 4C39.25 with respect to that
of 09204390 for each obscrving epoch depends primarily onthe differenced phase-
delays. The undiflerenced phase-delays for 4C39.20 were also included in the analysis
to allow us to estimate the relative bchavior of the site clocks. The standard de-
viations of the differenced phase-delays and the 4C39.25 phase-dc]jays were scaled
scparatcly so that, for each type, the weighted-l ncan-square of the postfil residu-
als was unity. Parameters for tropospheric zenith delays, site coordinates, 4C39.25
coordinates, Iarth pole coordinates, and UT1-UTC were included in the analysis,
with their adjustments constrained by their a priori valucs and corresponding stan-
dard deviations, given in ‘Jable 2, through the usc of an a priori covariancc matrix;
software limitations prevented us from also solving for adjust inents to the Earth’'s
nutation. Wc also estimated in our analysis, without any a priori constraint (since
we did not have any previous or useful knowledge about them ), the right ascension
and declination of 0920+390, and, for cach site excepting Madrid, the cocflicients of
a polynomial of degree three that was used to represent the behavior of that site's
clock relative to Madrid’s. The position of 4C39.25 with respect to 0920+390 ob-
taincd fromthe analysis of the data from cach of the three epochs is shown in ‘1'able

3. We refer to these positions as “dual-frequency” positions, since the phase delays
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used inouranalysesarc a linear combination of thc phase delays at both frequency

bands according toliq. 1.

4.5 Error Analysis

Contributions to the standard crrors Of Aa and Aé (A z2 Q4C39.25 — (09204390
and A6 =04c39.25 — d09204300) not included in our weighted-least-squares analysis arc
those associated with reference-point misidentifications on the 8.4 GHz maps, mis-

registration of 8.4 and 2.3 Glzmaps, and Earth’s nutation.

To estimate the standard errors, opcqk, associated with the reference point identi-
fication on the 8.4 Glz maps, wc first estimated the standard crror in the location of
the brightness peak of each source duc to the finit ¢ signal- to-noise ratio, Gsnr, Using

the expression (Thompson, Moran, and Swenson 1986; Fomalont 1989):

_ By
T o n SNRyea & @

where 3, is the width of the main lobe of our synthesized beam,and SNR, .k is the
signal-to- noise ratio of the map feature used as arcference (~100 for 4C39.25 and
~50 for 09204 390). The estimates of o4, (the root-sum-square, or rss, of the valuecs

for cach source) are shown in ‘1l'able 4 for each coordinate andepoch.
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Second, for each 8.4 Gz map, wc calculated the difference betweenthe location of
the maximum of the brightness distribution (sec Section 4.1.1) and the location of the
centroid of the significant CLICAN-comporients (those with flux densily larger than
25% of the component with maximurn flux density, and located within the main lobe
of the synthesized beam when the latter is centcred on the position of the largest
delta-component). The differences between the locations on the map obtained by
these two methods, oM-s, arc, in genera], larger than o4, duc to either errors in
the maps and/or the complexity of the brightest feature of the source. To take into
account these differences, we take Opeak to be the rss of the corresponding values of
OM-5 and 04, (scc ‘1'able 4). Note that, since we scale the 8.4 Gllz data by the factor
Rf(I? — 1) (about 1.08; scc kq. 1) in calculating the plasrna-free delay, the standard
errors of Aa and Ad due to the uncertainty of the 8.4 Gllzreference point increases

by a similar factor. Sce Table 5.

We also estimated the contribution of the cri ors in the registration of the maps
for the two frequency bands to the standard error of the determination of the separa-
tion between the two sources. In Section 4.1.2 wc deduced that the 1990.552.3 Gllz
map of 4C39.25 should be shifted 0.5 mas eastwards to register properly with the
corresponding 8.4 GHz map; to estimate the standard error of this registration wc
cal culated Opeak of component ¢ in the 1990.55 maps at both [requencies (we followed
a similar procedure to that previously described for the determination of the standard

error associated with the reference point identification: for cachimap wc took Fpeak to
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be therss of the values for o4, and oap-s). Finally, the rss of the opeqr values for both
maps yields a standard error in map registration of 300 pas. Note, however, that our
final results do not depend critically on thisestimate because we scale the 2.3 Gllz
data by the factor (12 --1 )" (about 0.08; scc Eq. 1) in calculating the plasma-free
delay. The 300 pias estimated standard error undergoes a similar scaling, so that the
standard error of Aa and Aé duc to the uncertainty in the registration of the maps

at the two frequency bands is about 24 pas.

in addition, wc estimated the sensitivity of our result to errors in our knowlcdge
of the Farth’s nutation (sec Section 4.4). To cstimate the contribution of such errors
to the standard error of the estimates of Aa and Ad, wc atered the nutation in longi-
tudcand obliquity, onc at a time, by onc standard deviation(values given in footnote
to Table 2), and in each case rcpeated the weight cd-least- squares analysis to obtlain
the shift of the relative position of the two sources. The resulting displacements arc
shown in ‘1I'able 5 and regarded as standard errors. Note that this technique fails to
account for t he correlations between the csti mate of each of these parameters with
the other as well as with al of the other paramcters; however, in view of the small
values of these changes and of thc expected differences in“signatures” between al of
these parameters, this neglect of correlations should have no significant effect on our

cstimale of the overall standard errors.

Thus, for each ecpoch, we cstimated the overall standard errors of the position of
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4C39.25 with respect to the position of 09204390 as the rss of the standard deviations

of allthe contributions discussed above (sce ‘1'able 5).

5. COMPARATION WITH OTHER POSITION ESTIMATES

Comparisons of our relative position for 4C39.25 and 0920-{-390 with other VI.BI
cstimates arc possible. Both sources arc included i n the NAVN KT (Navy VLBINect-
work) program carried out by the US Naval Observatory (USN ()). Wc calculated the
arclength between the two sources (this quantity is invariant to rotation and, there-
fore, independent of the reference system where the source coordinates arc defined)
from our weighted mean relative position (see ‘]’able 3) andf{rointhe positions of the
mostrecent USN O solution available (N9504; M. Eubanks private communication).

These values arc:

arc (4C39.25,09204-390; this paper): 46’ 131’3031 3 :4-0700006
arc (4 C39.25,09204-390; USNO): 46 133029 070003

The two arclengths agree to within the rss of theiistandard deviations, even though
some diflerence between these values might have been cx~)cc.ted: the lack of any
correction for source structure in the US NO anal ysis prevent precise comparisons
between the two sets of position results.  From { he comparison between the loca-
tion of the maximumand the centroid of our brightness distributions of 4C39.25 and
0920 4-390, we estimaled that source-structure effects could shift the relative position

by about 300 jias (due to the structure of 4C39.25).
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6. RESULTS

The right ascensions and declinations of 4C39.25 relative to 09204-390 with their
overall standard errors and correlations are representedinl'ig. 8, which shows a net
increasc with time of the eastward separation of the component b of 4C39.25 from
0920-{-390. 'To quantify this result we used the relative coordinates and their associ-

ated standard errors in two separate weighted least-squares analyses to estimate the

proper motion in each coordinate (scc I'ig. 9):




bution of the radio sources, thanof proper motion of the center of mass of either
source. Since 09204390 has not shown significant changes in strut.turc during the in-
terval spannced by our observations, wc infer that the proper mnotion is due to interna
changes in the radio structure of 4C39.25. More specifically, this proper motion is
consistent with a motion of the component b along the jet of 4C39.25 from c towards
a. Assuming that 09204-390 has a negligible proper motion (see Section 3 for relevant

discussion), wc obtain the corresponding velocity components for the reference point

in 4C39.25:

Vo= 197 £+ 0.77 c
vs = 0.13 4£1.38 ¢

for He=100 kms™*Mpc~! and qo=0.5.

7. CONCI,US10ONS

Wc have measured the eastward proper motion of component b in 4C39.25 with re-
spect to the unresolved source 0920+-390. This pi1 opcr motion is compatible with the
results inferred from the hybrid mapping of 4 C39.25(Marcaidcel al. 1989; Marscher
el al. 1991; Alberdiet al. 1993a) and together with them it shows that component b

is moving from west to cast, while the separation of components a and ¢ remains fixed.

Mecasurements of the motion of component b (Alberdief al. 1 993a) between 1987
and 1989, based on hybrid mapping, yielded 110.EIO pas/yr with respect to compo-
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nents a and ¢. Using morerecent observations made from 1991 to 1993, Alberdiet al.
(1 995) employed the same hybrid mapping techniques and obtained a corresponding
proper motion of b relative toa and ¢ of 604:30 pzas/yr. Note that, since no astromet-
ric analysis was necessary in the latter mcasurements, their standard deviations arc
only duc to the misidentification of the comnponents of 4(139.25 on high quality maps
and, consequently, they arc smaller than the standard deviation of our proper motion
measurement. 1 lowever, none of these map measurements determines, for example,
whether a and ¢ arc stationary components and b atravelling one or vice versa. By
comparison, our proper motion measurement provide the following results: compo-
nentb has a proper motion in right ascension of 904:35 pas/yr relative to an external
reference, 09204-390. This value lies between those previously obtained from hybrid
maps, as would be expected from a monotonic deceleration of the proper motion of
component b. in addition, the consistency of our mcasurcment with the hybrid map-
ping results, and the stationarity of components a and ¢ relative to each other (to
within 30 pas; Alberdiet al. 1995) implies that a and ¢ arc stationary with respect
to the externa reference, at least at the level of tile combination] of the uncertainties

of both measurements.

With this determination of the proper motion of component b of 4C39.25 wc have
demonstrated the validity of an essentialaspect of the phenomenological and numer-
icalmodel for 4C39.25 proposed by Marcaidc ef al. (1 989), Marscherctal. (1 991),

and Alberdiet al. (1 9933). The moving character of componentb is an argument in
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favor of its interpretation as a shock wave.

Additional phase-refcrcmccd observations made during the period 1989-1993 si-
multancously at 84 and 2.3 GHzare currently being processed. These observations
arc much more sensitive (due to the large array employed) and should allow us to
obtain (1) an improvement of the mecasurciment of proper motion in 4C39.25, and (1)
more useful bounds on the station arity of components aandc. The latter is espe-
cially interesting for component a ,. since component b is moving towards a and would
rcach the latter's sky position bet ween 1995 and 2001 (A. Alberdi, private communi-
cation), these components should not be distinguishable at centimeter wavelengths.
We may then check to determine whether, for exainple, component a suffers a signif-
icant change in its position after the “collision” , as predicted by the standing shock
theory of Daly & Marscher (I 988), or whether it remains stationary, as predicted by
the twisted jet mode] (see Section 1). Complementary phase--refcrcnced observations
madc in 1991 at 22 G] Iz arc also being analyzed; at this radio frequency, components
a, b, and c arc distinguish able, and evend is detectable, so stillinore accurate bounds

onthe mot ion of each component should be obtainable.

There are other radio sources that scein to have components travelling between
two apparently stationary ones and hence could also beinteresting targets of study for
diflerential VLBl astrometry. These sources include 0711 -t 356 (Con way el al. 1 990),

07354178 (Baath et al. 1991), 1803-! 784 (Witzel et al. 1988), and 3C395 (Lara et al.
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1994 ). Thoughthe morphology and internal kincmiatics of these sources may besim -
ilar to those of 4(239.25, they might be produced by different physical mechanisms;
thercfore, detailed monitoring of the motion (or lack of it) of the components in these

sources would help us to understand the nature of the physical processes involved.
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FIGURE CAPTIONS

Figure 1. Map of the quasar 4C39.25 at 22 Gllz in 1988 (Alberdietal. 1993a).
Four components, labelled a, b, ¢, and d, are distinguished. Contours arc -0.5, 0.5,
1, 2, 5, 10, 30, 50, 70, and 90% of the peak of brightness, 1.58 Jy/beam. Dashed
lines correspond to negative contours. The size of the restoring beam, shown at the

bottom left corner, is 0.50 x 0.24 mas with a major axis position angle of -12".

Figure 2. uv-coverage corresponding to the 8.4 GHz observations shown in ‘1'able
1 for the source 4C39.25. The uv-coverage for 09204-390 is very similar because the

two sources arc very closc together on the sky.

Figure 3. llybrid maps of 4C39.25 and 0920-i 390 al 8.4 Gllz. ¥or the 4C39.25
maps, contours arc -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the peak of bright-
ness of each map, which, chronologically ordered, are: 4.76, 6.15 and 6.31 Jy/becam.
The corresponding total map flux densities arc 7.4:1-0.7,9.6+4:0.7, and 9.84:0.7 Jy. For
the 09204-390 maps, contours arc -2, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the
peak of brightness of cach map, which, chronological] y ordered, arc: 0.40, 0.25 and
0.30 Jy/bean]. The corresponding total map flux densities arc 0.454-0.04,0.324+0.03,

and 0.30+0.03 Jy.The uncertainties quoted arc pcak-to-peak values from a set of
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trial maps made with an overall 10% calibration error (thelatter was estimated by
comparison between the correlated flux densities of calibrator sources, included in our
observing schedules, corresponding to different baselines). 1 Jashed lines correspond

to negative contours. The restoring beam (scc T'ablel for the corresponding sizes) is

shownat the bottom left corner of each map.

Figure 4. Hybrid maps of 4C39.25 and 0920-1 390 at 2.3 Gllz.For the 4C39.25
maps, contours are -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the peak of bright-
ness of each map, which, chronologically ordered, are: 3.02, 2.60, and 2.44 Jy/bcam.
The corresponding total map flux densities arc 3.6:+0.4,3.4:40.4, and 3.04-0.3 Jy. Ior
the 09204-390 maps, contours arc -2, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the
peak of brightness of each map, which, chronologically ordered, arc: 0.21, 0.20, and
0.22 Jy/beam. The corresponding total map flux densities arc 0.21 +0.02,0.244-0.02,
and 0.274:0.02 Jy. Sec caption of Iig. 3 for meaning of quoted uncertaintics. Dashed
lines correspond to negative contours. Therestor ing beam (sce ‘Jable 1 for the cor-

responding sizes) is shown at the bottom left corner of each niap.

Figure 5. [“lux-density profiles of 4C39.25 at 8.4 GHz for a position angle of 90°.
For each cpoch, wc show the profiles constructed by usingthe synthesized beains
whose dimensions arc shownin ‘1’able 1 (thinline) and, superimposed, the profiles
constructed by using a restoring beam (thick line) whose dimensions arc twofold

smaller than those of the synthesized beam. The peak of brightness corresponds to

29




the maximum of the over-resolved profiles. The components a and b can be distin-
guished in the first, epoch, but appear partially and totally blended in the second and

third epoch, respectively. F'Jux-density units arc aibitrary.Sce Section 4.1.1.

Figure 6. Total flux density data of 4C39.25 as mcasurced at the Effelsberg
telescope (100m, Bonn, Germany) in 1992. The spectrum is dominated by the flux
density of component b. Since the source is self-absorbed at 2.3 Gliz wc may expect a

shift of the peak of brightness of the maps between 8.4 and 2.3 Gllz. Scc Section 4.1.2.

Figure 7. Wc used high-quality 8.4 and 2.3 Gllz maps of 4C39.25 at epoch
1990.55 (Rioja 1993) to find their proper registration at 8.4 Glz and 2.3 GHz. We
obtained this alignment by superimposing the optically thinregions, component ¢
in this case. Countours arc -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the
peak of brightness of each map, 4.23 and 2.08 Jy/beain, respectively. Total map flux
densities are 8.1 4-0.7 and 4.04:0.4. Scc caption of I'ig. 3 for mecaning of quoted un-
cerfainties. 1 Jashed lines correspond to negative contours. Thesizes of the restoring
beans, shown at the bottom left corners, arc 1.21x 0.62 mas with a major axis
position angle of -18° for the 8.4 GHz map and 2.15 x 0.90 mas with amajor axis
position angle of -18° for the 2.3 GHz map (note that the latter map is over-resolved
by a factor two with respect tothe dimensions of the corresponding main lobe of the

synthesized beain of the array).

30




Figure 8. Proper motion of component b in 4C39.25 with respect t© 0920+390.

The positions of ‘1'able 3 and their standard deviat ions (r’able 5) arc represented; for
cach cpoch, the probability that the relative position is inside tile elipse is 40%. The

results indicate proper motion in right ascension.

Figure 9. I'roper motion of component b in 4 C39.25 with respect to 0920 -F390.
Values of proper motion in 4C39.25 are shown for three epochs. The straight lines
shown represent the results of weighted-least-squal-cs fits to the data for each coordi-

natescparately.
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TABLY 1. Observations of 4C39.25 phase-referenced to 09204 390

Eﬁoéh Antennas?  Frequencies S ynthesized

_ L ,__,v,‘__n_,(GIIZ) b cam
" 28 April 90 (1 990.32), I, M, V 8.4 2.23 X ().58, 7.8°
2.3 8.25 x 2.15, 7.8°
21 March 91  (1991.22) E, 1 L M V 83 1.40 x ().62, 3.3°
2.2 5.22 x2.30, 3.3°
5 March 92  (1992.18) E 1M 8.4 1.50 x ().54, 5.7"
2.3 554 x 2.00, 5.7°

'We used the Markll] system in mode B (Rogers etal. 1983) to record at two
frequencies simultaneously: four 4 MHz adjacent channels centered from 8404.99 to
8416.99 MHz (from 8290.99 to 8302.99 MHz in 1991 .22) and three 4 MHz adjacent
channels centered from 2274.99 to 2282.99 MMz (from 2230.99 to 2238.99 MHz in
1991.22).

2 The symbols correspond to the following antennas (with diameter and location
given in parentheses): kX, Westford (18m, Massachusetts); 1, Noto,(32m, Italy); 1.,
Medicina (32m, Italy); M, DSS63 (70m, Spain); V, Wettzell (18m, Germany).
*Sizes of the axes (milliarcseconds) and position angle (degrees, from north to east)

of the ellipse corresponding to the contour which is at 50% of the maximum of the
synthesized beam.




TABLE 2. Parameters values of the theoretical model

J2000.0 source coordinates!
40C39.25 (0923+392) a = 9727732013902 6 =39°2'20"85231

Antenna site _coordinatesl'2 i o ]
Antennas  Right-handed cartesian coordinates at 1988.0 (m) Velocities (mn/yr) Axis offsets® (m)

X Y 7 \Ix Vy VZ
E 1492206.755 -4458130.499 4296015.503 -.0139 -.0040 .0055 0.318
L 4461370.173 919596.665 4449559.103 -.0184 .0189 .0102 1.83
M 4849092.680 -360180.692 4115109.057 -.0072 .0203 .0147 0.0
| 4934563.293 1321201.116 3806484.358 -.0211 .0160 .0152 1.83
v 4075540.048 931735.120 4801629.280 -.0169  .0161 .0092 0.0
Precession Constant (32000.0)* Nutation
P=5028"989/tropical century Predictions of IAU 1980 Nutation Series + IERS daily corrections!
UT1 and Polar Motion Earth Tides
Daily values from IERS!? Radial Love number,h = 0.60967

Horizontal Love number, 1 = 0.085
Tidal lag angle,0 =020

Propagation medium parameters
Tropospheric zenith delay® (ns)
1990.32 1991.22 1992.18
Dry Wet Dry Wet Dry Wet

E 76 03 76 01 77 01

1 7.7 0.2 1.7 0.2 - -

M 71 03 7.1 03 71 01

I - - 7.7 03 77 01

v 72 02 71 02 - -

'Data were taken from the International Earth Rotation Service (IFRS) 1992 Annual Report (see, also, IIKRS Technical Note
3 (1989) for tbc standards used in the annual reports). To beconservative, weincreased twofold the standard deviations of
the TKRS parameter estimates that wc used in our analysis. These increased values arc: 4C39.25 coordinates, 0.04 ms in o
and 0.5 mas in §; site positions, 2 cm in each coordinate; nutat jon corrections to the 1AU 1980 theory, 1 mas for nutat jon in
longitude and 0.4 masfor nutation in obliquity; UT1-UTC, 0.04 ms; each polecoordinate, 1 mas. The daily values for UT1
and polar motion were interpolated to the epochs of observation.

*The site positions at the three epochs were calculated by linear extrapolation (using the constant yelocities of the coordinates)
of the positions at 1988.0.

*All the antennasare altitude-azimuth.

‘From 1 jeske et al. (1977).

5 The calculation of the “dry” and “wet” tropospheric zenith delays arc described in Section 4.2; their estimatedstandard
errors are 0.07 ns(Fleagle & Bussinger 1980; Davisetal. 19S5) and 0.17 rrs (Davisctal. 19S5; Ronnang 1989) for dry and wet
components, respectively.




TABL} 3. Dual-frequency estimates of the coordinates of the po-
sition of component b of 4C39.25 relative to 0920-{-390 inJ2000.0
system for the three observing epochs!

~ Epoch Aa - 3"48° 5609770 "A'6: 12'40''.9418222

_ (pas) (y12s)
1990.32 -92 425 -27 4 84
1991.22 211 4 24 204+ 72
1992.18 76 4 17 -4 + 48

TThe uncertaintics shown are the standard errors scaled so that the x? per
degree of freedom of the difference observables is unity. Sec section 4.4.

*The reference relative position is the weighted mean of the relative positions
from the threc epochs.




TABLY 4. Contributions, dAa and dAd, of the e1 rors
in the reference-point location on the 8.4 Glz maps to
the standard errors of tile estimates of A« and Aé’

Epoch
1990.32 1991.22 1992.18
A SAS SAa  SAS SAa  SAS

(nas) (pas) | (pas) (pas) | (pas) (uas)

Tonr? 4 18 410 41
oM-5° 38 42 13 8 26 35
~ Opeak 38 46 14 13 26 37

17All the values arc the root-sum-square of t € individual values
for each source.

*Standard error in locating the reference point duc to the finite
signal- to-noise ratio. Sec text.

‘Diflerences in the location of the brightness point between the
maximum Of the brightness distribution (see Section 4.1.1) and
the centroid of the significant delta-cornponcnts. Sce text.
‘Result, of addition in quadrature of the values of the two entries
above.




TAB I, I{; 5. Contributions, § A« and §A4,to the standard errors of the dual-frequency
cstimatcs of the sky coordinates of 4 C39.25 with respect to thosc of 09204-390 ob-
taincd from the sensitivity study

Effect/l >arameter - Epoch
1990.32 1991.22 1992.18
A 8AS dAa  SAS dAa  SAS
(nas) (pas) | (uas) (uas) | (pas) (uas)
8.4 GHzreference point identification’ 41 50 15 14 28 40
8.4/2.3 GHz map registration 24 24 24 24 24 24
Earth’s nutation?® 1 2 1 3 1 2
Statistical standard error? 25 81| 24 72 17 48
Root-sum-square of the | o
_above contributions 53 101 37 77 41 67

'As given in Table 4 scaled by the factor R It — 1) (about 1.08). Sce Section 4.5. ~
?Contribution clue to the uncertainty in selecting the same reference point on the radiostructure for
the maps from the two frequency bands. Sec Section 4.5.

‘Based on the standard deviations of the parameter values given infootnote to Table 2.

‘As given in I'able 3. Scc Section 4.4.
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